n INTRODUCTION S ystemic sclerosis (SSc) is a connective tissue disease that mainly affects middle-aged women and is clinically characterized by a wide range of manifestations, including Raynaud's phenomenon, skin and visceral fibrosis, digital ulcers (DUs), subcutaneous calcinosis and pulmonary artery hypertension (PAH). Unlike that of other connective tissue diseases, the pathogenesis of SSc is mainly related to endothelial dysfunction and impaired reparative processes, with the immune system playing a secondary role (1) . Nailfold capillaroscopy is an instrumental procedure that can detect signs of microvessel damage in the early phases of the disease (2) . An altered (scleroderma) capillaroscopic pattern therefore has diagnostic and prognostic value, and has now been included in the SSc classification criteria (3, 4) . There is currently much interest in finding biomarkers that allow early detection of microvascular damage and predict the course of SSc, and, although it is still a matter of debate, various molecules have been evaluated (5) (6) (7) . Among them, klotho has captured the attention of researchers because of its central role in mineralisation, electrolytic balance, insulin sensitivity, cell renewal and reparative processes. Some studies have found that SSc patients have 
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lower serum klotho concentrations than healthy controls, albeit without any association with clinical manifestations (8) (9) (10) . However, no previous study has attempted to evaluate the association between serum klotho levels and nailfold capillaroscopic images in SSc patients.
n MATERIALS AND METHODS

Patients
We retrospectively evaluated 54 consecutive patients diagnosed as having SSc on the basis of the 2013 EULAR/ACR criteria (4). th and 5 th fingers, nailfold capillaroscopy was performed using an optical microscope with a magnification lens of 200x to analyse four consecutive areas of 1 mm (14) , and the presence of avascular areas (the lack of capillaries in an area of 500 µm) or decreased capillary density, megacapillaries (giant loops with a diameter >50 µm), and neo-angiogenesis (arborescent capillaries) was recorded. A numeric score was arbitrarily assigned to capillaroscopic patterns (0= normal; 1 = early scleroderma pattern; 2 = active scleroderma pattern; 3 = late scleroderma pattern).
Laboratory analyses
Venous blood samples were collected from each patient, centrifuged, and the serum concentration of soluble klotho was measured by means of an enzyme-linked immunosorbent assay (ELISA) with a sensitivity of 0.1 ng/mL using a monoclonal anti-KL antibody and a KL-HRP conjugate (My Biosource, San Diego, CA, USA).
Statistical analysis
The demographic, clinical and pharmacological data were descriptively analysed using SPSS statistical software, version 23, and are reported as mean values ± standard deviation (SD) or median values, interquartile (IQ) and range depending on their Gaussian or non-Gaussian distribution. The associations between serum klotho concentrations and other data were evaluated by means of regression analysis [analysis of variance (ANOVA)] with the significance level set at p<0.05. Pearson's chi-squared test was used to analyse the associations between the nominal variables.
n RESULTS Sixteen patients (29.6%) were taking prednisone (2.5-12.5 mg/day), 18 (33.3%) were taking calcium channel blockers, and 15 (27.8%) were taking hydroxychloroquine (200-400 mg/day). All of the patients were receiving periodic intravenous infusions of prostanoids (alprostadil in 29, and iloprost in 25). Table I resumes the demographic and clinical characteristics of the patients.
Patient characteristics
Klotho concentrations
The median serum klotho concentration was 0.29 ng/mL (IQ 1, range 0-2): the patients with a normal nailfold capillaroscopic pattern had a median concentration of 0.89 ng/mL (IQ 1, range 0-2); those with an early SSc pattern had a median concentration of 0.25 ng/mL (IQ 1, range 0-1); those with an active SSc pattern had a median concentration of 0.25 ng/mL (IQ 1, range 0-1); and those with a late SSc pattern had a median concentration of 0.25 ng/ mL (IQ 1, range 0-1). Regression analysis (ANOVA) showed a significant inverse correlation between serum klotho concentrations and the severity of the capillaroscopic pattern (p=0.02; t -2.2284; Figure 1 ), which was not influenced by concomitant treatment. However, they did not significantly correlate with the presence of avascular areas, megacapillaries or neo-angiogenesis when each of these variables was individually evaluated. Logistic regression did not reveal any significant association between the risk of developing digital ulcers and the nailfold capillaroscopic pattern, serum klotho levels or concomitant medications. Pearson's chi-squared test showed a significant asso- 
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ciation between avascular areas detected at nailfold capillaroscopy and the presence of calcinosis (p=0.006), which is in line with the results of previous studies (15) . Calcinosis was significantly associated with ACA positivity (p=0.04) and the mRSS (p=0.02), although these variables did not correlate with the capillaroscopic findings.
n DISCUSSION
The pathogenesis of SSc is characterised by a complex network of vascular cells, fibroblasts and cells belonging to the immune system. Endothelial dysfunction and fibrosis are both hallmarks of the disease, thus making it unique in the spectrum of connective tissue diseases; however, reduced perfusion related to an imbalance between the factors governing vasoconstriction and vasodilatation, as well as to anatomical modifications of microvessels, are ultimately responsible for Raynaud's phenomenon, DUs, teleangiectasias, PAH and calcinosis, which reflect the global involvement of the microcirculation in different systems (16) . Nailfold capillaroscopy is a non-invasive and reliable means of assessing the morphological characteristics of nailfold capillaries, which are part of the terminal circulation and may undergo particular changes during vasculopathic processes such as those developing in SSc patients. It is therefore useful for detecting early anatomical details suggesting SSc, distinguishing early SSc from non-pathological Raynaud's phenomenon (17) , and helping physicians to monitor and predict the course of the disease. Although there is still no good method of quantitative scoring, a number of studies have found a good correlation between worsening nailfold capillaroscopic patterns and visceral organ impairment or the risk of developing DUs in SSc patients (2) . Finally, other studies have shown a significant association between specific capillaroscopic pictures or patterns and soluble biomarkers, including vascular endothelial growth factor (VEGF) and cluster of differentiation 40 L (CD40L) (5, 18) . Klotho is a single-pass transmembrane soluble protein governing vascular stability, hydro-electrolytic balance and tissue repair (19) . It has two isoforms (alpha and beta), with alpha-klotho being expressed throughout the arterial tree and involved in the development of vascular ectopic calcifications (20, 21) . Reduced serum klotho concentrations have been observed in the elderly and during end-stage kidney disease, and it has been shown that klotho may prevent vasoconstriction, endothelial dysfunction and oxidative stress by regulating Ca2+ ion influx into microvascular cells, as well as the concentrations of reactive oxygen species (ROS) and nitric oxide (NO) (22, 23) . We and other authors have previously found a deficit in serum soluble klotho in SSc patients (8, 10) , and Mazzotta et al. have recently demonstrated that the addition of soluble alpha-klotho to human microvascular endothelial cells in vitro has pro-angiogenetic effects that allow wound healing (24) . This is the first study to investigate the association between serum klotho levels and nailfold capillaroscopic patterns in SSc patients. We found that low levels were related to worse capillaroscopic patterns as classified by Cutolo et al., although there were no significant associations when avascular areas, megacapillaries and neo-angiogenesis were considered individually. Our findings also confirmed that a late scleroderma pattern was associated with calcinosis, ACA positivity, and worse mRSS values. The main limitations of this study are that no healthy subjects or those suffering from primitive Raynaud's phenomenon were enrolled as control groups, that only the total concentration of klotho was evaluated (without distinguishing between alpha-and betaklotho or among the soluble, secreted and transmembrane isoforms), and that the nailfold capillaroscopic images were assessed qualitatively rather than quantitatively. Moreover, the standardised range of serum klotho concentration is still arbitrary as different methodologies have been used in previous studies of patients and healthy subjects. 
